Evidence is limited regarding the relation between cardiovascular health level and dementia risk.
H igh blood pressure, dyslipidemia, obesity, and diabetes in midlife have been associated with cardiovascular disease as well as increased risk of dementia and cognitive decline, whereas healthy behaviors, including nonsmoking, engaging in moderate-intensity exercise, and adopting diets rich in fruit, vegetables, and fish, have been related to lower risk of dementia outcomes. [1] [2] [3] However, few studies have investigated the combined effect of these risk factors on the risk of dementia and on cognitive aging and have mostly focused on lifestyle risk factors. 4, 5 In 2010, the American Heart Association (AHA) emphasized the concept of primordial prevention, which aims to prevent the development of risk factors in first place, as a prevention strategy against cardiovascular disease. 6 To this end, the AHA has developed a 7-item tool including 4 health behaviors (nonsmoking and maintaining body weight, physical activity, and diet at optimal levels) and 3 biological measures (untreated blood cholesterol, blood glucose, and blood pressure at optimal levels) to promote optimal cardiovascular health. Accordingly, higher cardiovascular health has been consistently associated with substantial lower risk of death, coronary heart disease, and stroke. 7, 8 Given that some risk factors and mechanisms are common to diseases affecting the heart and the brain, efforts guided by the AHA tool to prevent cardiovascular disease could have secondary benefits for the prevention of dementia. Recent evidence supports this hypothesis for cognitive decline 9,10 and cognitive impairment in US middle-aged populations. 11 Association with incident dementia is less clear, as the 2 studies published to date have provided inconsistent results.
12,13
The objective of this study was to investigate the association between cardiovascular health level and risk of dementia and cognitive decline in a large French cohort of older persons.
Methods
The protocol of the Three-City (3C) Study was approved by the Consultative Committee for the Protection of Persons Participating in Biomedical Research at Kremlin-Bicêtre University Hospital, Paris, France, and the Committee for the Protection of Persons, Sud-Mediterranée III, Nîmes, France. All participants provided written informed consent.
Population
The 3C Study is a prospective cohort initiated in 1999-2000 among 9294 noninstitutionalized community dwellers aged at least 65 years selected from the electoral rolls of 3 French cities (Bordeaux [n = 2104] , Dijon [n = 4931] , and Montpellier [n = 2259]).
14 Data collected at baseline during face-to-face interviews included sociodemographic, lifestyle, and health information, medication use, a brief food frequency questionnaire, 15 leisure activities (from a self-administered questionnaire in Bordeaux), neuropsychological testing, blood pressure and anthropometric measurements, and blood samples for assessment of standard biology (blood lipids and glucose) and APOE genotyping. Participants have been followed every 2 to 3 years during face-to-face interviews conducted at home and at the study center, with repeated cognitive evaluations and ascertainment of incident dementia cases until 2012 in Dijon and until 2016 in Bordeaux and Montpellier (date of final follow-up, July 26, 2016). Participants in the overall cohort were excluded from this study if the results of a baseline blood draw or data from the questionnaire were not available, if they had prevalent dementia or history of cardiovascular diseases at baseline, or if they were not followed up for dementia or cognitive performance.
Ascertainment of Cardiovascular Health Level
Each level of the 7 AHA metrics was categorized as poor, intermediate, and optimal according to the AHA cutoffs and criteria (except physical activity and diet, which needed adaptations) ( Table 1) . 6 For physical activity, owing to slight variations in questionnaires, we used 2 site-specific definitions of optimal status. The diet metric was based on intakes of fruit, vegetables, and fish, 6 which were available in the whole cohort (and ignored fibers, sodium, and sweetened beverages) and which have shown robust associations with dementia in previous studies. 6, 16, 17 Cardiovascular health level was ascertained through the number of cardiovascular health metrics at recommended optimal level (0-7) and a global cardiovascular health score, calculated by assigning 0 point for each metric at poor level, 1 point for each metric at intermediate level, and 2 points for each metric at recommended optimal level (total score range, 0-14).
Outcomes
The diagnosis of dementia was based on a 3-step procedure. First, trained psychologists administered a battery of neuropsychological tests at baseline and at each follow-up visit. Second, a neurologist examined all participants in Bordeaux and Montpellier at baseline. In Dijon, because of the large number of participants, only those who had positive screening results for dementia based on their neuropsychological performance underwent further clinical examination. At each follow-up visit, all participants who had suspected dementia were secondarily examined by a neurologist in the 3 study centers to establish a provisional diagnosis. Third, an independent committee of neurologists (blinded to the cardiovascular health level and risk factors of participants) examined all potential cases of dementia to obtain a consensus on its diagnosis based on the criteria of the Diagnostic and Statistical Manual of Mental Disorders (Fourth Edition); ie, having (1) impairment in memory and in at least 1 of aphasia, apraxia, agnosia, or disturbance in executive functioning; (2) impairment and decline in social or occupational function; and (3) cognitive deficits that do not occur exclusively during the course of a delirium episode.
18
Analyses of cognitive decline used composite scores of global cognition and memory. A global cognitive score (with higher scores indicating better cognition) was computed as the mean of z scores of 4 cognitive tests assessing (1) 
Statistical Analyses
In this epidemiological longitudinal cohort study, analyses were considered exploratory and were all prespecified (except supplementary analyses addressing residual confounding and missing values, which were established post hoc).
Because of small numbers of participants in extreme categories, descriptive analyses are presented by increasing number of optimal cardiovascular health metrics grouped into 3 classically used categories (ie, 0-2, 3-4, and 5-7). In multivariate analyses of incident dementia, the hazard ratios (HRs) of dementia per each additional metric at recommended optimal level and per 1-point increase in the cardiovascular health score were estimated using Cox proportional hazard models with delayed entry and taking age as a time scale. The date of dementia was imputed as the mid-point between the last visit without dementia and the visit at which the diagnosis was made. 25 Models were stratified by study site and were adjusted for sex, highest attained educational level (no or primary school, secondary school, high school, university) and apolipoprotein E ε4 (APOEε4) carrier status. The doseresponse relationship between each exposure and dementia risk was investigated in multivariable Cox models including penalized splines, 26 and log linearity was formally tested using Wald tests. The proportional hazard assumption was assessed through the interaction between log(time) and Schoenfeld residuals. Interactions between cardiovascular health level and both sex and APOEε4 carrier status on the risk of dementia were evaluated. Analyses of cardiovascular health level and trajectories of cognitive composite scores were conducted using linear mixed models. 27 The composite scores were primarily normalized using latent process mixed models 28 and standardized before being entered as dependent variables in the models. Change in cognition was modeled using natural cubic splines with 2 internal knots (at tertiles of measurement times); the nonlinear trajectory approximated by splines provided a better fit than a linear trajectory for both global score (Akaike information criteria = 53 650 and 53 939, respectively) and memory score (Akaike information criteria = 83 007 and 83 073). The models included an intercept that represented the cognitive score at baseline, the splines functions of time, and corresponding random effects to account for interindividual variability. Covariates (both as a simple effect and in interaction with splines functions of time) included the cardiovascular health level exposure variable, study center, age at baseline, sex, educational level, and APOEε4 carrier status. As in the analysis of incident dementia, the assumption of a linear relationship between cardiovascular health level exposures and cognitive trajectory constituents was investigated using splines.
Supplementary Analyses
These exploratory analyses were conducted for the dementia outcome only. Residual confounding by socioeconomic status was evaluated by further adjusting models for monthly income (<€750, €750-<€1500, €1500-€2250, and >€2250) and occupational attainment (in 5 classes of socioprofessional categories) from the baseline questionnaire. The possible influence of intercurrent stroke was evaluated in secondary analyses restricted to incident events until the year 2010 (the last visit with validation of stroke events in the cohort) by (1) further adjusting the Cox model for timedependent incident stroke and (2) repeating the analysis after excluding the participants with incident stroke events. Moreover, competing risk by death was evaluated using an illness-death model for interval-censored time-to-event data. 29, 30 To help address bias related to complete case analysis, missing values for covariates and dementia outcome were imputed by multiple imputation (multiple imputation by chained equations with fully conditional specification method; M = 10 imputations). Analyses were performed using SAS, version 9.3 (SAS Institute Inc), and R, version 3.3.4 (R Foundation). Two-sided P values were used with an α = .05 threshold for statistical significance.
Results
Among the 9294 cohort participants available for inclusion, 8436 individuals (91% of the initial sample) provided blood samples and answered both the general and self-administered baseline questionnaires; among these individuals, 7530 were free of a history of cardiovascular disease or prevalent dementia at baseline. After further excluding participants with missing information for cardiovascular health metrics or covariates (n = 358) and those with no follow-up for dementia (n = 546), the study sample size was composed of 6626 individuals with at least 1 repeated cognitive test and evaluation for dementia ( Figure 1 ). Participants excluded were generally in worse health (eTable 1 in the Supplement). Overall, more than 90% of participants had at least 1 follow-up examination for dementia (with a dropout rate ranging from 3.7% to 12.2% at follow-up visits), and 77% had at least 3 repeated cognitive assessments.
The mean age of participants was 73.7 (SD, 5.2) years at baseline; 4200 participants (63.4%) were women. At inclusion, 36.4%, 57.1%, and 6.5% had 0 to 2, 3 to 4, and 5 to 7 metrics at optimal level, respectively. The baseline characteristics of the participants by number of metrics at optimal level are reported in Table 2 and eTable 2 in the Supplement).
After a mean follow-up of 8.5 years (SD, 4.2 years; range, 0.6-16.6 years), a total of 745 incident dementia cases were adjudicated. The incidence rates of dementia decreased with increasing number of metrics at recommended optimal level ( Table 3) . Compared with the incident rate of dementia of 1.76 (95% CI, 1.38-2.15) per 100 person-years among those with 0 or 1 health metrics at optimal levels, the absolute rate differences per 100 person-years for each additional metric at optimal level were −0.26 (95% CI, −0.48 to −0.04) for 2 metrics, −0.59 (95% CI, −0.80 to −0.38) for 3 metrics, −0.43 (95% CI, −0.65 to −0.21) for 4 metrics, −0.93 (95% CI, −1.18 to −0.68) for 5 metrics, and −0.96 (95% CI, −1.37 to −0.56) for 6 or 7 metrics. In multivariable models, the risk of dementia decreased significantly and linearly with both increasing number of metrics at recommended optimal level (HR, 0.90 [95% CI, 0.84-0.97] per each additional metric) and increasing global cardiovascular health score (HR, 0.92 [95% CI, 0.89-0.96] per 1-point increase) (eFigure 1 in the Supplement). The proportional hazard assumption was met in all models. No significant interactions between the cardiovascular health level exposures and either sex or APOEε4 allele on dementia risk were found (P ≥ .23 for interaction terms).
Secondary analyses of cognitive change were consistent with the analysis on dementia. Both increasing number of metrics at optimal level and higher global cardiovascular health score were significantly related to a lower rate of decline in global cognition ( Figure 2 , A and B; P = .002 and P < .001, respectively) and in memory ( Figure 2 , C and D; P = .02 and P = .003, respectively). For example, for global cognition, the estimated change in cognitive score for each additional metric at optimal level was 0.031 (95% CI, 0.009-0.053) standard units at inclusion, 0.068 (95% CI, 0.045-0.092) standard units at year 6, and 0.072 (95% CI, 0.042-0.102) standard units at year 12. Thus, a male participant with low education who is aged 73 years, is not an APOEε4 carrier (ie, the profile chosen as an example in Figure 2 ), and has no metrics at the recommended level would reach a global cognitive level of −1 standard unit approximately 6 years after inclusion, whereas an individual with a similar profile but with 7 metrics at the optimal level would reach a global cognitive level of −1 approximately 12 years after baseline. Similarly, the estimated change in cognitive score for each 1 point on the cardiovascular health score at inclusion, year 6, and year 12 was 0.024 (95% CI, 0.011-0.037), 0.049 (95% CI, 0.035-0.625), and 0.052 (95% CI, 0.034-0.070) standard units, respectively. The relationships with trajectory constituents (intercept and splines functions) appeared to be generally linear (eFigure 2 and eFigure 3 in the Supplement). 
Discussion
In this cohort of older persons, increased numbers of cardiovascular health metrics at recommended optimal levels and higher cardiovascular health scores based on the AHA Life's Simple 7 tool were associated with a lower risk of dementia and lower rate of cognitive decline. Trajectories of change in global cognition and memory were estimated using linear mixed models among individuals with at least 1 complete battery of cognitive tests across repeated visits for computation of the composite score of global cognition (panels A and B) and of memory (panels C and D). Models considered a nonlinear trajectory with time approximated by natural cubic splines (with corresponding random effects); they also included a cardiovascular health level variable (number of recommended cardiovascular health metrics at optimal level [panels A and C] or higher total cardiovascular health score [panels B and D]) and its interactions with splines functions of time as well as age, study center, educational level, and apolipoprotein E ε4 (APOEε4) carrier status and their interactions with time. Composite scores for global cognition and memory were normalized using latent process mixed modeling and standardized before being entered as dependent variables in mixed models. Data were plotted for a chosen profile of covariates (eg, a man aged 73 years [median baseline age in the sample] from the Bordeaux study center with no higher than primary educational level who does not carry the APOEε4 allele). "Metrics × splines" and "score × splines" refer to the interactions of each cardiovascular health level exposure variable with splines functions of time in the linear mixed models. See Methods section of text for further explanation. Numbers of participants followed up at least to each time point are shown under the x-axes.
Research Original Investigation Association of Older-Age Cardiovascular Health With Cognitive Decline and Incidence of Dementia
The association between better cardiovascular health and lower risk of dementia and less cognitive decline reported herein complement previous findings on mortality, coronary heart disease, and stroke.
7 Although data are limited, prior results on cardiovascular health and cognition have been consistent. Greater cardiovascular health in early adulthood (number of metrics at optimal level) has been related to better cognitive performance in adulthood in the Coronary Artery Risk Development in Young Adults study.
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Moreover, greater cardiovascular health has been associated with lower cognitive decline in the Northern Manhattan Study (number of metrics at optimal level) 9 and the Atherosclerosis Risk in Communities Study (global cardiovascular health score) 9,10 and with lower risk of cognitive impairment in the Reasons for Geographic and Racial Differences in Stroke study (global cardiovascular health score). 11 Still, these 4 prior studies were conducted in young and middle-aged participants and in US populations. Therefore, the present study indicates that the relationship of greater cardiovascular health to attenuated cognitive decline also applies to elderly and non-US populations. To our knowledge, only 2 community studies have investigated the association of cardiovascular health with incident dementia and have reported inconsistent results. A German study found no association between cardiovascular health level and dementia risk in primary care practice. However, this study was limited by the nonsystematic detection of dementia cases (health insurance claims data) and by incomplete definitions of several metrics. 13 In the Framingham Heart Study Offspring cohort, remote (ie, 7 years prior to baseline) but not recent (ie, baseline examination) recommended optimal cardiovascular health status (number of metrics at optimal level) was related to significant lower global cognitive decline and lower risk of dementia. However, the study was of modest sample size (<1500 participants), had few incident dementia cases (<100), and adjusted for age and sex only.
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The present study extends the results of these 2 prior studies with a larger sample size and higher number of incident events, a longer follow-up for dementia and cognition, and systematic detection of dementia cases with validation by an independent committee of neurologists. Additionally, the present study considered confounding factors, including education and APOEε4 genotype. The study results support the recent recommendations of the AHA and the American Stroke Association for the promotion of the Life's Simple 7 tool.
32 From a pragmatic and public health perspective, promoting change in cardiovascular health metrics from poor to intermediate levels with increasing cardiovascular health scores may be more achievable and is likely to have a greater population-level effect for preventing risk factors associated with dementia and cognitive decline than the much more challenging change from poor to optimal level.
Limitations
This study has several limitations. First, both diet and physical activity assessments may be prone to measurement error, although this is not specific to this study. Second, cardiovascular metrics were obtained only at baseline, and changes over time were not accounted for in this study. Third, the scores of global cognition and memory used in this study were not formally validated in an external study, and there is no established minimal clinically important difference for such composite outcomes. Fourth, loss to follow-up occurred, and participants included were in better health than those excluded owing to missing data; although the effect of selection and attrition on the results cannot be formally evaluated, selection of healthier participants generally leads to underestimate associations. Fifth, evaluation of differential weighting of metrics and of potential interaction between metrics would be important in future studies; furthermore, the AHA approach was developed to prevent cardiovascular disease and thus should not be interpreted as the best summary of existing epidemiologic knowledge for preventing dementia. Sixth, study participants were mostly urban and primarily white, and findings may not be generalizable to populations from different sociogeographic and ethnic origins.
Conclusions
In this cohort of older adults without history of cardiovascular disease, increased numbers of cardiovascular health metrics at optimal levels were associated with a lower risk of dementia and lower rates of cognitive decline. These findings may support the promotion of cardiovascular health to prevent risk factors associated with cognitive decline and dementia.
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Author Contributions: Dr Samieri had full access to all of the data in the study and takes responsibility for the integrity of the data and the accuracy of the data analysis. interpretation of the data; preparation, review, or approval of the manuscript; or decision to submit the manuscript for publication. ; in the IST, participants are asked to cite as many words as possible (with a maximum of 10) belonging to a specific semantic category in 15 seconds. Four semantic categories are used successively (cities, fruits, animals, and colors) and scores range from 0 to 40. For working memory and attention, we used the Benton Visual Retention Test (BVRT), 3 which consists of presentation for 10 seconds of a stimulus card displaying a geometric figure, after which individuals are asked to identify the initial figure among 4 possibilities. Fifteen figures are successively presented, and scores range from 0 to 15. For executive functioning, we used the trail making tests (TMT) parts A, 4 which consists of connecting numbers from 1 to 25 in an ascending manner. We analyzed the number of correct displacements divided by the time required to perform each part of the test (higher scores indicating better performance).
4.
In addition, we combined memory tests in a composite memory score. Our memory score was calculated as the mean of Z-scores of the BVRT and a subset of the MMSE, defined as the sum of items related to orientation to time and the 3-word recall task. In a validation study, 5 a Illness-death models are multi-state models which take into account interval censoring of age at dementia (owing to the fact that dementia is assessed only at the follow-up visits), competing risk of death, right censoring, and left truncation (due to the selection of subjects alive and non-demented at inclusion). We used illness-death models based on a Weibull distribution, with age as a time scale and adjusted for study center, sex, educational level and APOE 4 carrier status. 
